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Introduction
The past five decades have seen development economists pore over the relationship between foreign aid and economic growth. However, the majority of low-income countries today receive significantly more revenue from domestic tax receipts than from aid. Indeed, a commitment to 'strengthen [ing] domestic resource mobilisation' has been embodied in the Sustainable Development Goals (UNSTATS 2016: 35) as part of a growing focus on increasing domestic resource collection in developing countries.
1 Yet we know comparatively little about the effects of increased tax collection, or changes in the composition of tax structure, on economic growth and development. In part, this has been due to a paucity of data. Aid data, for example, is recorded by donor countries or multilateral organizations, whilst tax revenues are handled by individual countries' revenue authorities, which often lack the administrative capacity to ensure that they are accurately recorded.
The primary source for researchers interested in tax has traditionally been the IMF's Government Finance Statistics (GFS); however, a glance at these statistics shows that they are of limited use for empirical analyses on developing countries on account of, amongst other reasons, extensive missing data. Indeed, IMF researchers themselves have seen fit to construct their own ad hoc datasets for empirical work (Prichard 2016 provides examples) . Crucially, these are often unavailable to researchers wishing to replicate or challenge their work. One such study is that of Acosta-Ormaechea and Yoo (2012) , which examined the relationship between tax structures and economic growth, finding that revenue-neutral (RN) shifts away from consumption and property taxes toward income taxes were harmful for growth in the long run. However, the study relies on a dataset that is not publically available.
2 Furthermore, the aforementioned work claims to present results for 'Low-' and 'Middle-Income' countries, but without explicitly naming these countries; it is therefore nigh on impossible to draw any policy conclusions whatsoever. Worryingly, the results of studies such as this have been cited in IMF policy documents that discuss the impact of tax structures on economic growth. 3 This paper uses the Government Revenue Dataset (GRD) from the International Centre for Tax and Development (ICTD) in order to extend, and also challenge, existing results on the relationship between tax structure and economic growth. In particular, the empirical estimations replicate the aforementioned work of Acosta-Ormaechea and Yoo (2012) , before considering some extensions and robustness checks made possible by the GRD, which presents a significant improvement in terms of the availability of revenue data on developing countries, allowing a range of new insights and policy-relevant analyses.
4,5 Specifically, we are able to gain an insight into the effects of trade liberalization on economic growth in developing countries. The ongoing trends of globalization and IMF support for moves toward consumption taxes such as VAT have seen many developing countries' reliance on trade taxes, measured as either a share of total tax or a percentage of GDP, decrease. However, little is known about the impact of such structural shifts in the tax mix; Baunsgaard and Keen (2010) highlight that revenue recovery following such changes in many low-income countries has been poor. Less still is known about the impact on GDP growth rates; Acosta-Ormaechea and Yoo (2012) report that the majority of their findings did not hold for 'Low-Income' countries, blaming the poor quality of data, and crucially did not explore the effects of structural shifts away from a reliance on trade taxes.
The econometric analysis here uses the Pooled Mean Group (PMG) estimator (Pesaran et al. 1999 ) in order to estimate the effect of RN (i.e. holding constant the tax ratio) changes in tax structure on economic growth. This follows the approach taken in, for example, AcostaOrmaechea and Yoo (2012), Arnold et al. (2011), and Xing (2011) , but crucially extends the analysis to cover a number of developing countries. In a broad sense, the results find support for those in the aforementioned studies: RN shifts away from consumption or property taxes toward income taxes lead to lower long-run GDP growth. However, no support is found for the findings of Arnold et al. (2011) that corporate income taxes (CIT) are the most harmful for growth. Nor is there broad support for the previously reported finding (Acosta-Ormaechea 2012; Arnold et al. 2011; Xing 2011 ) that RN increases in property taxes are good for economic growth. Turning to the effects of trade liberalization (as measured here by RN shifts away from taxes on international trade), the results suggest that for lower-middle-income countries, there have been positive effects on GDP growth rates, but that for low-income countries, the effect is insignificant or potentially negative. Indeed, at times, the results differ dramatically between income groups, which highlights that there is no 'one size fits all' relationship between tax structure and growth and consequently no single policy prescription that can be advised to all developing countries. Certainly, any policy advice given to low-income countries using evidence from studies based on high-income countries would appear to be misguided.
The rest of this study is organized as follows: Section 2 provides a brief overview of the economic theory linking taxation and economic growth, before reviewing the related empirical literature. Section 3 introduces the data used here and examines the trends in tax structures for the sample. The following section (4) outlines the empirical approach, and the results of the PMG estimations are presented in Section 5. Section 6 considers some extensions and robustness checks. Section 7 discusses the limitations of the study, before Section 8 concludes.
Tax and growth: in theory
The following section contains a short review of the predictions from economic theory on the relationship between taxes and economic growth. 6 Thinking about tax level, there are clear arguments both for and against a higher tax ratio leading to higher GDP growth rates. On the one hand, a higher tax ratio will distort the incentives for individuals to supply more labour or for firms to produce more. On the other hand, a higher tax ratio will provide a government with the potential to invest in, for example, infrastructural improvements, education, or R&D-all of which can increase the productive capacity of an economy. Indeed, it can be argued, as in Arnold et al. (2011: F59) , that the relationship between tax level and output growth might well be driven by 'societal choices as to the appropriate level of public spending'.
Changes in the tax rate in the neoclassical growth model (see, for example, Solow 1956; Swan 1956 ) can cause a shift only in the steady-state growth path, but not its slope; thus, the model does not allow an assessment of the impact of fiscal policy on the long-run (steady-state) growth rate. However, the models of Barro (1990) , King and Rebelo (1990), and Mendoza et al. (1997) are somewhat more useful in this context. King and Rebelo (1990: 130) investigate the effect of an increase in the 'output tax rate applied equally to all sectoral activities', finding that whilst 'taxation may affect the growth rate in a quantitatively important way […] the magnitude of this influence depends […] on the production and tax structure ' (King and Rebelo 1990: 140) .
The endogenous growth model of Mendoza et al. (1997) considers the effect on economic growth of the marginal (i) human capital, (ii) physical capital, and (iii) consumption tax rates. The predictions of the model indicate that consumption taxes affect the 'net after-tax rate of return on physical capital ' (Mendoza et al. 1997: 104) only indirectly via the labour-leisure choice, which in turn affects the capital-to-labour ratio employed in production. Higher taxes on consumption, such as VAT, also affect the labour-leisure choice, as consumer goods become more expensive. This can have an impact on the labour supply, as the reward for working is lower (Arnold et al. 2011) . So, whilst consumption taxes have only indirect effects, the model predicts that taxes on physical capital or human capital can affect growth both directly via the labour supply and indirectly via the labour-leisure choice.
7 Whilst, ultimately, factors such as the elasticity of the labour supply will determine the extent of these impacts, the clear prediction of the model is that there are more channels through which direct taxes (i.e. taxes on physical or human capital) can cause distortions to economic growth than there are for consumption taxes. Therefore, economic theory would suggest that, whilst all taxes have the potential to distort economic growth rates, consumption taxes do so to a lesser extent than personal or corporate income taxes.
Tax and growth: existing empirical work
Empirical studies have, in recent years, made significant progress toward providing robust results on the relationship between tax policy and growth. Certainly, early doubt over the existence of any robust empirical relationship, such as that expressed in Easterly and Rebelo (1993) , would appear to have been challenged and dispelled.
8 Empirical evidence from the past 20 years or so has consistently found that taxes do indeed 'matter' for economic growth. However, the questions asked of this relationship have evolved to consider which taxes matter for growth, where they matter for growth, and to what extent they do so. Kneller et al. (1999) argue that a bias exists in much of the existing empirical research on fiscal policy and growth, as many studies ignore one side or the other of the budget-either taxation or expenditure. Classifying taxes as 'distortionary' and 'non-distortionary ', Kneller et al. (1999) postulate that positive effects on growth will emerge by 'shifting' toward non-distortionary taxes (i.e. increasing the share of non-distortionary taxes in GDP whilst decreasing the share of distortionary taxes).
9 This classification is founded on the belief that the distortions to economic growth arising from incentives to invest are greater than those arising from the labour-leisure choice. Kneller et al.'s findings for a panel of OECD countries suggest that higher distortionary taxes lead to lower growth rates and vice versa; specifically, their estimations suggest that a 1 per 7 Derivations and results are outlined in detail in Mendoza et al. (1997: 102-6) . 8 'The evidence that tax rates matter for growth is disturbingly fragile ' (Easterly and Rebelo, 1993: 442) . 9 Taxes on income and profit, social security contributions, payroll, and property taxes are classed as 'distortionary', whilst consumption and trade taxes are classed as 'non-distortionary'. cent increase in distortionary taxes (as a percentage of GDP) would lead to a fall in GDP growth of 0.1-0.2 per cent. This finding-that increases in distortionary taxation are harmful for growth rates-confirms the predictions of Barro (1990) , Barro and Sala-i-Martin (1995), and Mendoza et al. (1997) .
Tax revenues as a share of GDP (as in, e.g., Kneller et al. 1999 ) is a convenient proxy for the marginal tax rate, which is the relevant variable in the theoretical models mentioned above. In order to arrive at more precise estimates for the marginal tax rate, however, data is required on both the income distribution and the tax rates for each type of tax. Often this information is not readily available and it might not be available at all for low-income countries-certainly not for a long time series. However, some studies have made attempts to estimate the marginal tax rate: Lee and Gordon (2005) find a negative relationship between the top corporate tax rate and GDP growth rates. Specifically, their estimations suggest that GDP growth would increase by between 1 and 2 percentage points following a 10 per cent cut in the rate of corporate tax. Mendoza et al. (1994) construct 'effective tax rates' for capital, labour, and consumption, which are the ratios of the difference between the pre-and post-tax values of capital, labour, and consumption income to the values of said incomes at pre-tax prices.
10 Using these effective tax rates, Mendoza et al. (1997) found that the investment rate increased by 1.8 per cent (1.0%) following a 10 percentage point decrease in taxes on labour (capital). Notably, however, the result did not hold when GDP growth was taken as the dependent variable. Methods such as those employed in Lee and Gordon (2005) and Mendoza et al. (1994 Mendoza et al. ( , 1997 are appealing insofar as the tax variables used are a close fit to those in the aforementioned endogenous growth models. However, the potential for a wider application of such methods is limited by data requirements-especially where a panel of developing countries is involved. As a result, this approach has not been followed in many other empirical studies of this nature.
Some more recent studies have examined the tax structure rather than tax ratio or marginal tax rate. Specifically, papers such as Acosta-Ormaechea and Yoo (2012), Arnold et al. (2011), and Xing (2011) have sought to consider the effects of RN changes in tax structure on GDP or economic growth rates.
11 Arnold et al. (2011: F59) note that, in imposing revenue neutrality, such studies 'avoid the difficulty of taking account of how any changes in aggregate revenue might be reflected in changes in public expenditure'-precisely the problem outlined by Kneller et al. (1999) . This approach is also suitable for studies that consider a wide range of countries over a long period, as researchers can utilize datasets such as the GRD, which are rich in information on tax receipts; often this is more readily available than information on tax rates, etc.
12 Arnold et al. (2011) found that a percentage point RN increase in income taxes' share of total tax (offset by a percentage point decrease in consumption and property taxes' share of total tax) leads to lower economic growth to the tune of between 0.25 and 1 per cent, in a panel covering 21 OECD countries for 34 years. The authors also found that, when disaggregating between corporate and personal income taxes, increases in the former lead to larger reductions in GDP growth than increases in the latter. Acosta-Ormaechea and Yoo (2012) carried out a similar 10 Lee and Gordon (2005), however, argue that these effective tax rates capture only an average tax on labour income, and not the marginal rate. 11 The revenue neutrality constraint requires that the estimations in such studies control for total tax receipts (as a percentage of GDP). 12 As mentioned, the revenue neutrality constraint means that a similar level of data coverage is not required on the expenditure side. This is also an advantage in the sense that cross-country data is of somewhat lesser quality than on the taxation side.
analysis, but for the first time considered the effects of changes in tax structure in both developing and developed countries. Similar findings emerged: taking GDP growth as the dependent variable (where Arnold et al. (2011) considered GDP in levels), Acosta-Ormaechea and Yoo (2012) found that a percentage point increase in income taxes leads to a fall of GDP growth rates of around 0.07-0.14 per cent.
In terms of the questions posed at the beginning of Section 2.1, it would appear that whether the fiscal policy variable of interest is tax/GDP, the tax rate, or the tax structure, the aforementioned studies have generally arrived at similar conclusions, which support the endogenous growth models discussed: income taxes create more distortions, or lead to lower GDP growth, than do consumption taxes. A number of these studies also consider the effects of personal and corporate income taxes in isolation, finding that the latter create stronger distortions to economic growth. The extent to which these taxes affect growth would, according to the evidence discussed, appear to be relatively modest: whether the change is in tax structure or tax rate, the effects on GDP growth rates are often quite small. In terms of where changes in tax policy can affect growth, the majority of studies have considered only OECD members. Only Acosta-Ormaechea and Yoo (2012) and Lee and Gordon (2005) have attempted to provide evidence for low-income, or developing, countries. With regard to the former study, no indication is given as to which countries are included in the sample. However, given that their data is compiled from the IMF's GFS, it is easy to see that the group of countries they call 'LowIncome' might well, in truth, be middle-income. 13 Many previous studies have likely confined analyses to OECD countries as a result of (for example) data availability. The GRD presents a first opportunity to carry out a similar analysis on a panel of developing countries.
Tax and growth: data and trends
The most recent release of the ICTD GRD contains some 6,390 observations for 196 countries over the period 1980-2012/13. However, the econometric analysis here must rely on a smaller subsample of this data for a number of reasons. First, it is crucial that a consistent time series is present for each country included. So, for example, if there was data for a country spanning 1980-1995 and 1996-2012 , it would be dropped from the analysis. There are a number of countries where this is the case. The sample is also restricted to those countries with at least 20 years of consecutive observations, so that the t dimension is of sufficient length to carry out the PMG regressions. Third, the GRD includes a number of 'flags' identifying potentially problematic data. Figures 1-4 , however, include more data where available, including data for countries that are not included in the regression analysis. Table 1 provides summary statistics for all variables included in the analysis for the sample as a whole, and also by income group (according to the latest available classifications from the World 13 There are few, if any, cases where the GFS contains a series of sufficient length for any low-income country to carry out the analysis described in their paper. Furthermore, where countries are labelled 'Low-' and 'Middle-' income, it is not according to, for example, the World Bank's income classification, but according to an ad hoc procedure, taking account only of those countries in their dataset. 14 A list of these countries, by income group, is included in Appendix A. Bank). All tax variables come from the ICTD GRD. GDP growth is the change in (log) GDP per capita, taken from the World Bank's World Development Indicators (WDI). Physical capital, also from the WDI, is (log) fixed capital formation expressed as a share of GDP. Human capital is the average years of schooling from Barro and Lee (2013) . 15 Population growth is the growth rate of the working-age (15-64) population, calculated from the WDI. The average GDP growth rate for the whole sample is 1.8 per cent. Investment in physical capital is on average 22 per cent of GDP. The average years of schooling across the sample is 7.5 years, but this ranges from less than 1 to over 13 years. Average years of schooling in low-income countries is just over 3, increasing to almost 10 years in the average high-income country. The tax ratio is, on average, 22 per cent. The trends in tax mix, and how these differ between income groups, are outlined in Figure 1 . Figure 1 presents the average tax ratio and tax structure for each of the four World Bank income groups from 1980 to 2012. The tax subcategories shown are income (including personal income, corporate income, and taxes on payroll and workforce), taxes on goods and services (including all domestic consumption taxes such as VAT, sales tax, and excises; for simplicity, 'other' taxes have been included in this category), trade, and property, and social contributions.
The tax ratio in high-income countries stands at between 25 and 30 per cent for the period in question; this is dramatically higher than in low-income (10-15%) or middle-income countries (15-20%). The decade 2000-2010 has seen a notable upward trend in the tax ratio in low-and middle-income countries, whereas those classed as high-income have seen their tax ratios remain fairly constant. The effects of the recent financial crisis are clear in that the average tax ratio of high-income countries dips by 2-3 per cent in the late 2000s, whilst no such effect is seen in low-or middle-income countries. There are, of course, a number of well known reasons why the tax ratio is significantly lower in low-income countries than in high-income ones. Amongst other factors, a large informal economy, a high degree of subsistence agriculture, widespread illiteracy, and a lack of administrative capacity provide significant barriers to tax collection.
Turning to the tax structure, immediately clear is the initially high reliance on taxes on international trade in low-and middle-income countries. Over the last three decades, this has declined, largely to be replaced by taxes on domestic goods and services and, to an extent, by income taxes. The reliance on trade taxes in low-income countries has more than halved, from around 40 per cent of total tax receipts in 1980 to under 20 per cent in 2012. There is a similar, if not so dramatic, shift away from trade taxes in lower-and upper-middle-income countries for the same period. These trends undoubtedly reflect the ongoing removal of many trade barriers as well as the implementation of taxes on domestic consumption such as VAT. The figure confirms that trade taxes have been falling not only in relative terms (i.e. as a share of total tax), but also in absolute terms (i.e. as a share of GDP).
Figure 1 also highlights an increasing reliance on income taxes and social contributions in those countries classed as lower-middle-income across the same period. High-income countries, perhaps as a result of more efficient tax collection and administration capabilities, are typically more reliant on income taxes or social contributions. The relative stability of the tax structure in high-income countries over this period is also noticeable. Many are members of free trade areas, such as the North American Free Trade Agreement (NAFTA) or the European Union (EU), and as such may have replaced trade barriers with consumption taxes before the timeframe in question here. It is also clear that only high-income countries collect a significant amount of revenue from property taxation, averaging around 4-5 per cent of total revenue for the period in question. 16 Turning to the relationship between tax and GDP per capita, Figure 2 plots the average tax ratio against average log income per capita over the period 1980-2012. A few things are noticeable. First, there is, overall, a positive relationship between per capita income levels and the tax ratio. Second, the World Bank's income groupings can roughly predict a country's tax ratio-i.e. the average tax ratio appears to increase with income group-but there are a number of outliers. A closer look at the outlying countries in Figure 3 is intriguing.
Those countries with very low tax ratios but high GDP growth (circle on left) are exclusively oilproducing countries. Four others stand out as outliers, namely San Marino, Singapore, Hong Kong, and the Bahamas. At the other end of the scale are almost exclusively former Soviet countries, including Moldova, Ukraine, Belarus, Bosnia and Herzegovina, Hungary, Poland, Croatia, Montenegro, Serbia, Macedonia, and Bulgaria (cirle on right), which all have tax ratios around 30-40 per cent of GDP but relatively low per capita income levels. Interestingly, countries in this latter group all have relatively high levels of social contributions (>10% of GDP; performing the same analysis with taxes exclusive of social contributions entirely eliminates these outlying countries).
These figures are informative, as they underline the fact that, for most countries, high per capita GDP is associated with a high tax ratio. The improved coverage in the GRD has allowed a more complete picture of this relationship, with data points for around 185 countries included in the scatter plots.
17 However, the econometric analysis below is concerned with the effects of tax structure on GDP growth. Figure 4 presents a first look at the relationship between average GDP growth over the period 1980-2012 and the average share of tax that countries collect from income, property, goods and services, and trade. The green dashed line shows the average GDP growth rate for the period across countries; the red line is a line of best fit.
There appears to be only a modest positive association between the share of taxes collected as income or property tax and the average GDP growth rate. However, the average share of taxes on goods and services appears to be positively associated with GDP growth, whilst the opposite is true for the average share of trade tax.
Econometric model
The econometric approach used follows that of, among others, Acosta-Ormaechea and Yoo (2012) and Arnold et al. (2011) by considering RN changes in the tax structure whilst controlling for the overall level of tax as a proportion of GDP. Imposing the revenue neutrality constraint allows consideration of the effects of changes in tax policy on growth, without the need to take account of how changes in tax policy might result from changes in government expenditure 16 NB. The data for the majority of lower-middle-or low-income countries comes from IMF Article IV Staff Reports. Frustratingly, these vary in the level of disaggregation reported. Where information on property taxes was not included (i.e. there were no property taxes either collected or recorded), these are assumed zero for simplicity. 17 Obviously, there are not 33 years of data for every country in the sample. Indeed, data for the former Soviet states appears only in the early 1990s. However, the patterns displayed in Figures 2 and 3 remain if the sample is restricted to average tax and average income levels from 1991 to 2012 for all countries. (Arnold et al. 2011) , and avoids the requirement of similar levels of data on public expenditure as on tax revenue. Furthermore, given limitations on the availability of data on tax rates, this approach represents the best available proxy for the marginal tax rate, which is considered in the relevant theoretical models.
The empirical model estimated is an Error Correction Model (ECM) taking the form 
where g is the growth rate of GDP per capita, I is the investment ratio (as measured by the share of fixed capital formation in GDP), h is a measure of human capital (average years of schooling), n is the growth rate of the working age population, T is the tax ratio, and TC is a vector of tax composition variables, namely n-1 shares of different taxes in total tax. is a set of time dummies and is the error term.
The equation, estimated by Pooled Mean Group (Pesaran et al. 1999) , allows simultaneous estimation of the long-run coefficients and short-run dynamics. The PMG estimator constrains long-run coefficients to be equal across groups (countries), but allows short-run coefficients and error variances to vary between groups. 18 The validity of this assumption is tested in Section 6.1 below.
5
Benchmark results
The full sample of 100 countries is included in Table 2 . The sample is restricted to countries where there are at least 18 consecutive years of observations for all variables, although on average t = 27. 19 All regressions contain short-run dynamics as in (1), but only the long-run coefficients are shown. The revenue neutrality constraint means that the interpretation of the coefficient on the included tax category share is as follows: a percentage point increase in the share of tax revenue for the included tax category (categories) implies a percentage point reduction in the share of total revenue from the omitted category (categories).
In columns 1 and 2, the omitted category is the share of consumption and property taxes. It appears that RN shifts away from consumption and property taxes toward income taxes have a negative effect on the long-run GDP growth rate. Specifically, the coefficient estimate suggests that for a percentage point increase in income taxes, the long-run GDP growth rate decreases by 0.062 percentage points. Column 2 disaggregates income taxes into personal taxes, social contributions, and corporate taxes. Here, the results suggest that an RN shift from consumption and property taxes toward personal income taxes or social contributions reduces long-run GDP growth rates by 0.068 and 0.09 percentage points, respectively. These findings echo those of Acosta-Ormaechea and Yoo (2012), although, notably, the coefficient estimates here are around 18 The estimations are carried out using the xtpmg command in Stata (Blackburne and Frank 2007) . NewtonRaphson iteration is used. 19 The results here are directly comparable to those in table 1 of Acosta-Ormaechea and Yoo (2012). 50 per cent lower in magnitude than those reported in their study. In columns 3 and 5, income taxes are omitted. It appears that RN shifts away from income taxes and toward domestic taxes on goods and services have positive effects on long-run GDP growth rates. In column 6, the omitted category is set to Consumption Taxes (goods and services + trade) and the results suggest that, controlling for the share of income taxes in total tax, shifts away from consumption toward property taxes have no effect on long-run growth rates. This result on the role of property taxes is in direct contrast to that of Acosta-Ormaechea and Yoo (2012) and Arnold et al. (2011) , who found strong positive impacts of RN shifts toward property taxes on both growth and income.
Column 6 omits trade taxes, seeking to elicit the effect of an RN shift away from trade toward either income, property, or domestic consumption taxes. This coefficient of 0.036 on domestic goods and services suggests that RN shifts away from trade toward domestic consumption taxes have modestly positive effects on GDP growth rates. This result is intriguing, especially in the light of the patterns in tax structure observed and discussed above, which showed that, for many countries, shifts away from trade toward domestic consumption taxes have been the major structural change over the last 30 years. All specifications were tested for residual nonstationarity using an Augmented Dickey Fuller (ADF) test. 20 As shown in Table 2 , for all specifications the null of nonstationary residuals was rejected at the 5 per cent level; in the majority of cases the null was also rejected at the 1 per cent level. Table 3 replicates the results of Table 2 , separating the sample into high-, upper-middle-, lowermiddle-, and low-income countries according to the World Bank's 2016 income classification. Column 1 shows that there are statistically significant negative effects on growth rates from RN shifts toward income taxes in high-income countries-around 0.1 percentage points for a 1 percentage point increase. Disaggregating into PIT, social contributions, and CIT, it appears that RN shifts away from consumption and property toward corporate income taxes actually have positive effects on long-run growth rates in high-income countries. This result conflicts with both theory and existing empirical evidence. Columns 3-5 suggest that there are positive effects on long-run GDP growth rates of shifts toward property taxes: a percentage point RN shift away from either consumption or income taxes leads to an increase in GDP growth rates of around 0.3 per cent. Whilst a 0.3 per cent increase in long-run GDP growth rates might initially sound high, it is worth noting that an RN shift toward property taxes of 1 percentage point would be extreme in any one year: the average change in property tax's share of total tax for high-income countries is just 0.02 per cent of total tax revenue. There are no significant effects of RN shifts from trade taxes toward taxes on goods and services in high-income countries. However, this result is not surprising; Figure 1 highlighted that there has been little change in the share of taxes coming from trade toward goods and services in this group of high-income countries.
Turning to upper-middle-income countries, the estimates in column 7 clearly suggest that a percentage point shift toward income taxes, away from consumption taxes, is harmful for longrun growth rates, to the tune of around 0.16 percentage points. Disaggregating income taxes (column 8) shows that the negative effects from social contributions and personal income taxes are again stronger than those from corporate income taxes. Interestingly, shifts toward property taxes from either income or trade taxes also appear to have negative effects on GDP growth rates. Column 12 also suggests that RN shifts away from trade toward income taxes are harmful for growth, but those toward taxes on domestic goods and services are neither positively nor negatively related to growth rates. Interestingly, it appears that RN increases in property taxes are associated with economic growth in upper-middle-income countries.
Columns 13-18 display the results for lower-middle-income countries. 21 Intriguingly, RN shifts in tax structure toward income taxes do not appear to have either positive or negative effects on long-run GDP growth in this subsample. However, the results in columns 15-18 suggest that RN shifts away from either income or consumption taxes toward property taxes again have negative effects on GDP growth rates. Specifically, the coefficient estimate points to around a 0.8-1.1 per cent decrease in long-run GDP growth rates for a percentage point increase in the share of taxes coming from property taxes. Column 18 shows that RN shifts toward domestic goods and services, offset by decreases in trade taxes, have positive effects on long-run economic growth. Looking at the other country income groups, it would seem that the lowermiddle-income group was driving the result in column 6 of Table 2 .
Results for low-income countries are shown in columns 19-24. The results here suggest that RN shifts away from consumption and toward income taxes again lead to lower long-run GDP growth rates. RN shifts away from trade taxes, toward taxes on goods and services, appear to have no statistically significant positive effect on GDP growth rates. This is, again, intriguing, considering that the data and graphs presented above suggest that the largest structural shifts away from trade toward taxes on goods and services occurred in those countries classed as lowincome.
6
Robustness tests
Testing the validity of parameter restrictions
The PMG estimator employed here allows for heterogeneous short-run effects across countries, but constrains the long-run coefficients to be equal. That is, it assumes that the long-run relationship between GDP growth and the independent variables is the same across countries. The assumption of long-run parameter homogeneity (i.e. that all countries in the sample grow in a similar fashion over time) might be valid for similar groups of countries, such as OECD countries, but may not hold across the sample as a whole. It is, however, possible to test the validity of this assumption using the Hausman test to compare the PMG estimates with alternative options.
The Mean Group (MG) estimator allows for full parameter heterogeneity; that is, a separate regression is estimated for each group (country) and an average reported. At the other end of the scale, dynamic fixed effects (DFE) estimation constrains all short-and long-run coefficients to be equal across countries. The estimator employed here, PMG, lies between the two, allowing short-run dynamics to vary across countries, whilst constraining the long-run coefficients to be equal. Table 4 summarizes. Table 5 displays the coefficients of the tax share variables estimated via both PMG and MG (the different specifications here pertain to those in Table 2 ) and the resulting Hausman test statistic. In all specifications, the PMG estimator is preferred over the MG. Thus, the restriction of parameter homogeneity appears valid, with the PMG procedure producing estimates that are both efficient and consistent. 22 Furthermore, the coefficient estimates for some of the tax share variables in the MG regressions seem implausibly high. Thus, it appears that the assumptions underlying the PMG approach are satisfactory.
Alternative time controls
The benchmark results presented above include five-year dummies as time controls, in order to capture the effects of the business cycle.
23 Work by Xing (2011) , which challenged the results presented in Arnold et al. (2011) , suggested that results from the PMG estimator may be sensitive to how the time controls are specified. An alternative approach, taken by AcostaOrmaechea and Yoo (2012), is to include country-specific linear time trends. These results are included in Appendix B. The majority of the results presented above are robust to this alternative time control, most differences occurring only in the magnitude of coefficient. However, the results presented in Tables 2 and 3 are strongly preferred; it is the standard approach, where growth is the dependent variable, to include some control for the business cycle-a linear trend cannot do this as effectively as the five-year dummy variables.
Addressing potential endogeneity concerns
The primary concern as regards endogeneity in this model results from the fact that changes in the tax level, or indeed the tax structure, might arise from changes in GDP growth rates. This study does not attempt to ascribe any interpretation to the tax ratio variable, not only for this reason but also for those outlined above in Section 2. However, it is necessary to attempt to rule out the possibility that changes in the tax structure are driven by changes in GDP growth rates. Considering the regression framework here, simultaneity bias might not appear to be a large concern. The dependent variable is the growth rate of log GDP per capita, from t-1 to t; the independent variables are all measured at t-1. It is thus unclear how the rate of growth in a future period might drive the share of revenue from a certain tax in the previous year.
A potential source of endogeneity arises from the fact that different taxes' share of total revenue (i.e. the variables of interest here) may react to a change in the level of economic activity in different sectors. This change in economic activity might well be driven by something other than a change in the tax rate. For example, the share of taxes collected from trade may increase relative to other categories simply as a result of an increase in the volume of trade, regardless of the rate of the taxes levied on imports. In turn, this will also affect GDP growth. The volume of trade openness is included as an additional control in Tables 6 and 7 . This is calculated, following Arnold (2008) , by obtaining the residuals from a regression of the volume of trade (the sum of the value of imports and exports, expressed as a percentage of GDP) on log population. This therefore represents the part of trade that is not explained simply by country size. For the sake of brevity, only the base specification, where consumption and property taxes are excluded, and that excluding trade taxes are shown (pertaining to columns 1 and 6 of Table 2 ).
All of the aforementioned results hold, any changes being purely in the magnitude of the coefficients. Column 4 of Table 6 suggests that RN increases in income taxes, offset by reductions in trade taxes, are now statistically negatively related to long-run GDP growth rates. Turning to Table 7 , column 4, the results now suggest that for high-income countries, RN 22 One caveat that should be noted, however, is that the power of the Hausman test in this case (i.e. comparing MG and PMG) is relatively low (Pesaran et al. 1999) . 23 These are specified as 1980-84, 1985-89, … …, 2010-14. increases in domestic consumption, offset by decreases in trade taxes, are harmful for growth. In upper-middle-income countries, the coefficient on property taxes becomes insignificant (column 8).
The regression framework employed here includes short-run dynamics and five-year dummies, both of which should help to account for the effects of the business cycle. However, a further way in which it is possible to test for the presence of endogeneity (outlined in AcostaOrmaechea and Yoo (2012), which itself follows an approach outlined in Calderon et al. (2011)) is as follows. In order to test if the tax variables considered here are weakly exogenous, the system of equations in (2) is estimated separately for each country, i, included in the specifications above. represents the error correction component, and terms in parentheses are the long-run equilibrium errors resulting from the estimation of equation (1). This system of equations is estimated by Zellner's (1962) seemingly unrelated regression equations (SURE) method, via the sureg command in Stata. For weak exogeneity to hold, it is required that the coefficients are not significantly different from zero. A Wald test is carried out following the SURE regression for each country. If the null hypothesis (that the coefficients on are jointly zero) is rejected at the 5 per cent level, this suggests that the tax variables under consideration (i.e. the left-hand side variables in equation (2)) do in fact react to deviations from the long-run relationship (AcostaOrmaechea and Yoo, 2012). That being so, the weak exogeneity condition is violated in these countries. Depending on the specification tested, between 17 and 24 countries violate the condition of weak exogeneity. Tables 8 and 9 replicate the results of Tables 2 and 3 , respectively, omitting those countries where the tax policy variables cannot be considered weakly exogenous. It was not possible to replicate all specifications by country group in Table 9 ; due to the smaller N dimension, the PMG estimator did not always converge.
The results in Table 8 are largely in line with those in Table 2 , although some differences are notable. The coefficient on income taxes in column 1 is smaller in magnitude and no longer 24 The number of equations estimated depends on the exact specification of equation (1) being estimated.
(2) statistically significant. In column 2, the finding that RN increases in personal income taxes, offset by reductions in consumption or property taxes, are statistically negatively associated with long-run GDP growth rates remains. However, the coefficient on social contributions is no longer significant and, interestingly, there again appears to be some evidence that RN increases in CIT actually have positive effects on long-run growth rates. The result in column 5, that RN increases in domestic consumption taxes offset by decreases in trade taxes is good for growth, also holds following the exclusion of the potentially endogenous countries. However, the coefficient estimate is again lower.
Turning to the high-income countries in Table 9 , the results suggest that RN shifts toward income taxes are no longer significantly negatively correlated with long-run GDP growth. The finding that RN shifts toward property taxes, away from either consumption or income taxes, are positively associated with LR growth rates remains valid.
The findings for upper-middle-income countries are very similar to those in Table 3 ; again, RN shifts toward property taxes appear to be negatively correlated with long-run GDP growth rates (column 7), although the coefficient is somewhat smaller. Columns 9-12 show that the results for lower-middle-income countries also remain robust; the key finding, that RN increases in domestic consumption taxes offset by decreases in trade taxes are positively associated with long-run GDP growth rates, still holds, though the coefficient estimate is now over twice that reported in Table 3 . There are no notable differences observed between Table 3 and Table 9 for low-income countries, aside from small variations in some coefficient estimates and the significance level of some of the tax variables in column 14.
Accounting for cross-sectional dependence
A further source of bias that might arise in a macro panel such as that used here is via residual cross-section dependence (CSD). This occurs when unobserved common shocks affect all countries or a subset of countries in the dataset. In our context, such shocks might take the form of, for example, commodity price fluctuations or tax agreements whereby a number of countries reduce tariffs on each other's imports. As proposed by Pesaran (2006), a simple way to account for the existence of CSD is to augment the equation being estimated with cross-sectional averages of the dependent and independent variables, i.e.
, respectively, where is the vector of all explanatory variables. Given that the PMG approach uses maximum likelihood estimation, augmenting the estimated equation with k cross-sectional averages can lead to difficulties in the estimation procedure (the estimator might fail to converge or the likelihood function might become non-concave). Thus it was possible only to fully replicate the results of Table 2 and, indeed, for many specifications the sample size was reduced, as the estimator converges only when those countries with a sufficiently long t dimension were included in the analysis. These results are shown in Table 10 .
The result in column 1 remains unchanged and the coefficient estimate on the income tax share is almost identical to that in Table 2 . It was not possible to repeat the estimations with income tax disaggregated into PIT, social contributions, and CIT. In column 2, the results show that RN shifts toward property taxes, away from income taxes, are most growth-friendly, followed by RN shifts toward trade taxes. The result in Table 2 , that RN shifts away from income toward taxes on goods and services lead to higher growth rates, is no longer statistically significant. Results in column 3 suggest that RN shifts toward income taxes, and away from consumption taxes, have negative effects on GDP growth rates; notably, however, the coefficient estimate of -0.082 is larger than that reported in Table 2 (-0.047). Finally, in column 4, RN shifts away from trade taxes toward domestic consumption taxes are no longer significantly positively related to GDP. However, RN increases in property taxes are.
Thus, after attempting to control for cross-sectional averages, we find a couple of differences from the benchmark results. However, a potential issue with this set of results is that the sample size is reduced for each estimation; it is therefore difficult to say whether the difference in results is due to the inclusion of the cross-sectional averages, or to the smaller sample. It is hoped that in future work these results will become clearer via use of the dynamic common correlated effects estimator (Ditzen 2016), which is to be released in the near future. This should avoid the issues with convergence experienced with xtpmg, which uses OLS in order to estimate Pooled Mean Group regressions, allowing the effects of CSD to be investigated in the full panel of countries.
Excluding resource-rich countries
As highlighted in Figure 3 , there are a number of resource-rich (specifically, oil-producing) countries where the tax ratio is very low but per capita income is high. Thus, in order to ensure that the results reported previously are not biased by the inclusion of resource-rich countries, where growth can fluctuate wildly on the basis of, for example, commodity prices, the specifications above are re-run excluding resource-rich countries. These were identified by searching the data in the GRD for (i) countries reporting non-tax revenues above 10 per cent of GDP and (ii) countries reporting a high level of resource tax revenues. Those dropped from the sample above are Algeria, Bahrain, Botswana, Egypt, Gabon, Morocco, Sudan, Trinidad and Tobago, and Venezuela. Table 11 reports the results for the full sample with these countries excluded.
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All of the previously reported results hold, with similar coefficient estimates. Notably, however, the result in column 1 suggests a somewhat stronger effect of RN increases in income tax, offset by consumption and property taxes; a percentage point increase in income taxes leads to a 0.097 per cent reduction in the long-run growth rate.
Further limitations
There are a number of further limitations to a study of this nature. First, it is inherently difficult to account for the fact that changes in tax policy are often announced some time in advance of implementation. Individuals and firms may therefore adjust their behaviour (which in turn will influence the share of tax from any one component) before the tax rate has actually changed. A further challenge lies in the fact that it is difficult to account for (changes in) the efficiency of tax collection, which has clear implications for GDP growth: even a well designed tax system might be undermined by poor administration. However, the human capital variable might go some way to capturing citizens' ability to understand and comply with tax laws, and the inclusion of the tax level (as a share of GDP), to an extent, serves as a control for the ability of the government to administer the tax system. 26 Parallel to the difficulty in accounting for the ability of a country to collect different taxes is the difficulty in controlling for the cost of collecting different types of 25 In the interests of space, results by country grouping are not shown, but these are available upon request. tax. The above analysis, and related studies in the literature, assume that the costs of collecting different taxes are equal. This is, of course, unlikely to be true in practice. Similarly, studies of this nature assume that tax design does not matter for growth but, again, it obviously does. IMF (2013) makes this clear, noting the difference between a corporate tax on rents and one on total returns; the former would not affect the marginal incentive to invest, whilst the latter most certainly would. Whilst the assumption of revenue neutrality makes possible this kind of empirical analysis, there may be limits to the insights presented; many tax authorities in developing countries may alter their tax mix in the hope that the tax ratio itself increases. Furthermore, the magnitudes of the coefficients are quite small, suggesting limited direct effects of any RN changes in the tax mix on long-run GDP growth rates. Future work may seek to relax the revenue neutrality constraint, which is perhaps unrealistic in reality; some taxes are, naturally, better revenue-raisers than others. Thus an interesting next step might be an attempt to disentangle whether increases in certain types of taxation raise more revenue (which may fuel faster economic growth), have direct impacts on economic growth, or a combination of the two. Finally, the distinction between domestic taxes on goods and services and trade taxes is often somewhat blurry, especially in developing countries; whilst one country collecting VAT at the border might classify this as a trade tax, the next may count it as a tax on goods and services. The results that distinguish between domestic consumption and trade taxes should be interpreted with this in mind. It is hoped that future development of the GRD will seek improvement in this respect.
Conclusion
It is clear from the results presented here that different revenue-neutral changes in the tax mix seem to matter to a different extent in different countries. In short, this calls into question the external validity of studies based only on high-income countries and also highlights the pitfalls of promoting a 'one size fits all' policy recommendation. This finding is key; Prichard (2016) notes that the belief that increases in personal and corporate income taxes are bad for growth has become policy orthodoxy at the IMF. One need not look far to see evidence of this: IMF (2011) and IMF (2015) both make reference to the thinking that indirect taxes are more growth-friendly than income taxes. But any empirical evidence supporting this view comes from studies that have used data from high-income or OECD countries.
A knowledge of those taxes that are most growth-friendly at different levels of income can aid policymakers in a way that results from a sample containing only high-income countries cannot. Not only has GDP growth over the last 30 years been, on average, lower in high-income countries than in developing countries, but the tax structure in those countries has remained remarkably stable. Thus, any growth effects of a change in tax structure are likely to be very small. However, in low-and middle-income countries, the past 30 years have seen dramatic changes in the tax mix, with large-scale shifts away from a reliance on trade taxes toward taxes on domestic goods and services and, to a lesser extent, income taxes. In many countries, this is likely to continue in the future. Thus the potential to affect long-run growth rates with tax policy is much greater in such countries.
The results presented here provide several new insights: first, RN reductions in trade taxes, offset by increases in domestic consumption taxes, appear to be growth-friendly. Importantly, however, this result seems to be driven by the group of countries classed as lower-middleincome. No such effect is found for low-income countries. Indeed, after controlling for the degree of openness to trade, the results suggest a significant negative effect of RN shifts toward taxes on goods and services. Thus one might tentatively conclude that trade liberalization in the very poorest countries does not lead to higher economic growth but, at later levels of development, it can make a positive contribution to growth rates. When viewed alongside the results of Baunsgaard and Keen (2010) , who found revenue recovery to be extremely poor in low-income countries that had removed trade barriers, the difficulty in promoting trade liberalization in the very poorest of countries is further underlined.
Second, the results presented here confirm that RN shifts away from consumption and property taxes, toward income taxes, are harmful for GDP growth rates, as previously found by, for example, Acosta-Ormaechea and Yoo (2012) and Arnold et al. (2011) . However, again, the magnitude of the effect differs at different levels of development, with the strongest negative effects seen in upper-middle-income countries and no significant effects in lower-middle-income countries. Personal income taxes and social contributions appear most harmful for long-run GDP growth rates, but no evidence is found that increases in corporate income taxes are harmful for growth.
Third, the thinking that RN increases in property taxes are good for economic growth, as suggested in previous studies, is called into question. The results suggest that, whilst this may be the case for high-income countries, RN increases in property taxes in low-or middle-income countries might have limited or indeed detrimental effects on long-run GDP growth rates.
As a result of the much improved data availability in the GRD, this study has been able to challenge, and in some cases overturn, the results of existing research, whilst also offering insights that are more relevant to developing countries. This is done in a transparent manner: all of the data used here is publically available, unlike that used in other recent work. If advice on the direction of fiscal policy or the structure of the tax mix is to be provided to developing countries, then at the very least this should be based on evidence of the experience of other developing countries. Barro and Lee (2013) .
Source: Author's estimations. 
